Background. The physiotherapeutic technique of Vojta reflex locomotion is often accompanied by various autonomic activity changes and unpleasant sensations. It is unknown whether these effects are specific to Vojta Therapy. Therefore, the aim of this study was to compare changes in cardiac autonomic control after Vojta reflex locomotion stimulation and after an appropriate sham stimulation. Methods. A total of 28 young healthy adults (20.4 -25.7 years) were enrolled in this single-blind randomized crossover study. Participants underwent two modes of 20-minute sustained manual pressure stimulation on the surface of the foot on two separate visits. One mode used manual pressure on the lateral heel, i.e., in a zone employed in the Vojta Therapy (active stimulation). The other mode used pressure on the lateral ankle (control), in an area not included among the active zones used by Vojta Therapy and whose activation does not evoke manifestations of reflex locomotion. Autonomic nervous system activity was evaluated using spectral analysis of heart rate variability before and after the intervention. Results. The active stimulation was perceived as more unpleasant than the control stimulation. Heart rate variability parameters demonstrated almost identical autonomic responses after both stimulation types, showing either modest increase in parasympathetic activity, or increased heart rate variability with similar contribution of parasympathetic and sympathetic activity.
INTRODUCTION
The technique of reflex locomotion according to Václav Vojta 1 belongs to neurophysiological physiotherapeutic methods, currently used in many disorders and injuries affecting the central and/or peripheral nervous or musculoskeletal systems. Application of the technique is associated not only with motor manifestations but also with autonomic nervous system (ANS) responses. Whereas the influence on human motor activity has been repeatedly studied [2] [3] [4] [5] , we have not found any reports of the effect of Vojta Therapy on autonomic activity and autonomic control in the published literature. Our previous study using functional MRI of the brain demonstrated specific modulation of hand motor control in the pontomedullary reticular formation (PMRF) following the stimulation according to Vojta 5 . Besides motor control, the PMRF is also implicated in various aspects of autonomic control 6 . Therefore, we decided to study the effect of Vojta Therapy on cardiac autonomic control using spectral analysis of heart rate variability (SAHRV). Stimulation in an active (trigger) zone on the lateral heel according to Vojta was compared to stimulation outside the known active zones (control or sham stimulation) within the same young healthy participants.
MATERIALS AND METHODS

Subjects
Study participants were recruited among students of health care professions at Palacky University in Olomouc. Participants were enrolled following informed consent and after keeping a recommended regime prior to the scheduled examination. Study protocol has been approved by Ethics Committee of the University Hospital and the Faculty of Medicine and Dentistry, Palacky University Olomouc, approval number 9.4.2013.
Thirty students with no history of neurologic or psychiatric disease were included. Two participants were excluded after initial autonomic examination, one of them manifested extremely high and the other extremely low values of heart rate variability (HRV) spectral parameters, which did not permit reliable assessment of changes during different phases of testing. The investigated group therefore included 28 participants (15 women and 13 men), mean age 23.3 years, range 20.4-25.7 years.
Assessment of cardiac autonomic control -spectral analysis of heart rate variability
Cardiac autonomic control was studied on short-term ECG recordings, evaluating so-called short-term heart rate variability 7 . We have used a modification evaluating the orthoclinostatic reaction in the supine-standing-supine test [8] [9] [10] to be able to register the changes (shift) in cardiac autonomic control in situations with different orthostatic load. It was chosen due to the fact that vagal activity prevails in the supine body position, whereas in the standing position vagal influence on heart decreases and sympathetic activity increases. The acquired short-term ECG recordings were subjected to temporal and spectral analysis of HRV using the DiANS PF8 system (Dimea Group, Olomouc, Czech Republic). Spectral calculations were performed with fast Fourier transform using a partially modified algorithm CGSA (coarse-graining spectral analysis) (ref.
11
), with suppression of noise components. The duration of each of the three phases of the supinestanding-supine test depended on the heart rate of each investigated individual, about 5 min on average. The entire supine-standing-supine test thus lasted about 15 minutes (at a heart rate of 60 beats per minute). Details of the investigation and evaluation for SAHRV examination have been published elsewhere 9 . The HRV analysis yielded the following parameters in the frequency domain related to cardiac autonomic control for short-time recordings: VLF Power (ms 
Respiratory rate assessment
Respiratory rate is another autonomic variable, which needs to be recorded and considered for an SAHRV study. Participants were breathing at their natural pace, respiration was recorded continuously with the DiANS PF8 system and simultaneously using adjustable chest belt with sensor. Respiration frequency was assessed in each of the three phases of the supine-standing supine test, together with SAHRV parameters in the same protocol.
Assessment of the degree of stimulation discomfort (unpleasantness of the stimulation)
Stimulation, which evokes unpleasant feelings, including pain, will influence and modify ANS activity. We have therefore used a visual analogue scale (VAS) to capture the degree of stimulation discomfort, that is the degree of unpleasantness of the stimulation, so that we might account for the possible influence of negatively perceived stimulation or frank nociception on the SAHRV parameters, which might prevail over the effect of the two different types of manual stimulation. VAS was assessed on a scale 0 to 10 (minimum and maximum discomfort sensation, respectively), the perceived value was recorded immediately after stimulation end.
Procedures
Each participant underwent two autonomic nervous system examinations (SAHRV), at least a week apart (maximum 5 weeks). Each session was scheduled at 11 a.m. and used one or the other of two stimulation sites (see below), the order of examinations was randomized. Stimulation sites at the right leg were either 1) the foot zone according to prof. Vojta: processus lateralis tuberis calcanei (active stimulation) or 2) lateral ankle (sham stimulation), see Fig. 2 . During both stimulation types, the participant lay prone, in an initial position for the so called reflex crawling 1 and each stimulation involved 20 min of manual pressure applied by a trained and experienced physiotherapist.
To allow subsequent HRV analysis, the ECG recording was performed twice within each examination: before and immediately after 20 min of peripheral pressure stimulation.
As data from the "supine1" phase may be influenced by interfering factors both somatic and psychological (e.g., pre-examination stress, new experimental situation, white-coat syndrome, etc.), heart rate, SAHRV and respiration rate obtained during the third phase of the test, "supine 2" (supine position following orthostatic load in the prior standing), were used for statistical analysis (see also ref. [8] [9] [10] ).
Statistical analysis
The acquired data were processed with the software Statistica 12 (StatSoft, Tulsa, OK, USA). For within-subject effects, the non-parametric Wilcoxon paired test was used, whereas between-session effects for the respiratory rate and the degree of stimulation-related discomfort were tested with the Mann-Whitney test.
RESULTS
Spectral analysis of heart rate variability
SAHRV of the first test phase, i.e., the first supine position (baseline), yielded in all participants spectral characteristics typical of healthy subjects of their age group 9 , with the possibility to distinguish individual spectral bands and with sufficiently high values of spectral power within individual frequency components to permit quantitative analysis, including assessment of the responses to changes in body position.
The values of the calculated HRV parameters before and after active (heel) stimulation are provided in Table  1 . Statistical significance refers to results of the Wilcoxon paired test. Values of the assessed ECG and SAHRV parameters before and after ankle stimulation (control site) are provided in Table 2 .
The results indicate that both stimulation types, i.e., stimulation in an "active" site according to prof. Vojta (heel) and stimulation in a control "inactive" site were followed by statistically significant changes in MSSD values, duration of RR interval, and concurrently also in respiration rate. MSSD, which represents overall heart rate variability in the time domain, increased after both stimulation types. RR intervals lengthened (thus heart rate decreased) and respiration rate decreased after both active and control stimulations.
In the frequency domain, both stimulation types were associated with a statistically significant increase in VLF Power, HF Power and Total Power. LF Power increased significantly only after the active stimulation.
Neither the LF/HF ratio, nor the relative parameters of SAHRV, indicating the relative representation of individual frequency components, manifested any statistically significant changes after either stimulation type when compared to the pre-stimulation baseline.
Respiratory rate
Respiratory rate was assessed both before stimulation of each site (active versus control), as well as after stimulation. Before active (heel) stimulation, the group mean respiratory rate was 12.3 breaths/min (SD=2.61), whereas before the control (ankle) stimulation, the rate was 12.9 breaths/min (SD=2.69); these values were not statistically significantly different.
After stimulation of the active zone (heel), respiratory rate decreased significantly to 10.9 breaths/min (SD=2.73), P=0.003. Similarly, after control (ankle) stimulation, respiratory rate decreased significantly to 11.3 breaths/min (SD=2.88), P=0.003. The respiratory rates after the two stimulation types were not significantly different (Mann-Whitney test).
Stimulation discomfort
The VAS of pain indicated mean discomfort after active (heel) stimulation 3.01 (SD 1.94), range 0.2-7.4, whereas after ankle (control) stimulation the mean VAS score was 1.62 (SD 1.48), range 0.2-6.2, this difference was statistically significant (P=0.003). This reveals, even in young healthy participants, a certain unpleasantness associated with pressure at the active stimulation site. Nevertheless, despite this difference in perceived discomfort, no SAHRV parameters were apparently affected since the results were similar in both stimulation types.
Behavioral and motor responses to stimulation
During stimulation of the active site (heel), 9 out of the 28 participants (32%) manifested involuntary signs of muscle activation -fasciculations, finger movements, muscle twitches or the development of head rotation and/or deeper breathing. In contrast, three participants (10.7%) were falling asleep.
During stimulation of the control site (ankle), slight head rotation appeared only in one participant (3.5% of the group), and another one manifested deeper breathing. Tendency to fall asleep appeared in 3 participants (10.7%), two of whom were also sleepy after the active stimulation.
DISCUSSION
Reflex locomotion, introduced by Václav Vojta, is based upon stimulation of so-called trigger zones on the surface of human body and has become one of rehabilitation methods preferably used in central nervous system disorders of childhood, especially cerebral palsy and cen- tral coordination disorder 1, 12 . Later, it was also applied to disorders of the peripheral nervous system and to selected structural and functional disorders and injuries of the musculoskeletal system. Clinical studies of the Vojta Therapy focused on motor activity [2] [3] [4] [13] [14] [15] . Stimulation of the empirically discovered trigger zones according to Vojta, which evokes motor manifestationsreflex locomotion, concurrently evokes responses of the autonomic nervous system as described in the method's characteristics 1, 16, 17 . Among them, the most significant are the cardiovascular responses, where vasomotor changes have been most frequently observed. Surprisingly, our search of the medical and scientific literature did not discover any reports on observed influences on the autonomic nervous system in general, and neither on the heart rate (and specifically its variability) during application of the reflex stimulation according to Vojta. At the same time, changes in HRV have been studied and reported for many other types of surface or other somatosensory stimulation, including nociceptive [18] [19] [20] [21] [22] . Among the many established approaches to evaluation of HRV, some of which have clinical application 7,9,23-25 , we have chosen the method of spectral analysis of HRV (SAHRV) in a modification with the changes of orthoclinostatic load [8] [9] [10] , which induce a shift in sympathovagal balance.
The reason for choosing this particular method was the possibility to record and assess the activity of vagal and sympathetic innervation, or their relative contribution, in different body positions (in the supine-standing-supine test) before and after specific active (Vojta) stimulation as well as before and after a control stimulation outside the described trigger zone(s).
The results indicate that both active and control stimulations were followed by statistically significant lengthening of RR intervals and an increase in measures of overall variability, both in the frequency (Total Power) and time (MSSD) domain. Likewise, both stimulation types were associated with a statistically significant increase in the high-frequency (HF) spectral power, which reflects vagal activity (this also corresponds to lengthening of the average RR interval). Nevertheless, the relative representation of individual spectral components (VLF, LF and HF) has remained mostly unchanged after both stimulation types, which suggests that the degree of sympathetic and vagal contribution to cardiac autonomic control remained unchanged as well. Smith et al. (ref. 21 ) reported the results of another stimulation modality, repeated massage, in neonates, where assessment of HRV indicated increase in parasympathetic activity.
Somewhat surprising was our finding of decreased respiration rate after both active and control stimulations, this usually occurs in a relaxed condition. Here, however, the subjective perception of the two stimulation types differed according to the VAS scores, which revealed a higher degree of stimulation discomfort (unpleasantness) during stimulation of an active trigger zone of the Vojta Therapy. In both stimulation types, though, the VAS scores were low.
Overall, the changes in SAHRV parameters may be interpreted as similar after both stimulation types, namely, that stimulation of the active zone on the heel has not evoked a clearly different response than stimulation outside the active zone (ankle). This stands in apparent contradiction to previous experience with autonomic reflex responses during application of the Vojta Therapy in the clinical practice 1 . There may be several reasons for this discrepancy. The typical target group for the Vojta technique, neonates and infants, has autonomic responses different from those of adults, one of the underlying factors may be the immaturity of the central nervous system in the children. The other obvious difference is the absence of CNS lesions in our research population, whereas in the clinical practice, the therapeutic stimulation is mostly applied to children with perinatal or prenatal brain damage. Taken together, the rather small and non-specific autonomic response to pressure stimulation of the foot in our young healthy adult participants (university students) may not be unexpected when the more prominent responses have been observed in children with CNS damage in the first months and years of life.
Furthermore, the therapeutic application in the clinical practice typically includes simultaneous stimulation in several trigger zones, whereas our protocol was simplified to using a single stimulation site (either active or control).
Another possible explanation for the similarity of autonomic responses after both stimulation types is the fact that our participants did not manifest obvious emotional reactions, whereas in children, Vojta Therapy is commonly accompanied by unpleasant feelings, often with pain, and concomitant autonomic responses. Last but not least, children manifest the tendency to escape and withdraw from unpleasant stimulation and the withdrawal or reflex motor behavior may be closely associated with the observed autonomic responses.
As mentioned above, the study involved several limitations: We have used the most accessible study population, young healthy adults, whereas more pronounced autonomic changes might be observed in children and/ or subjects with nervous system damage. The use of a single stimulation zone has also been mentioned already. A third group with no stimulation might have been useful to clarify test-retest variability. These issues may be addressed in future research.
CONCLUSION
Sustained manual pressure stimulation in an active (empirically discovered and clinically used) skin area on the foot was perceived as more unpleasant than stimulation of a nearby control site. Heart rate variability parameters reflecting cardiac autonomic control changes demonstrated almost identical autonomic responses after both stimulation types. Whereas several markers indicated modest increase in parasympathetic activity, other measures suggested increased heart rate variabil-ity together with joint increase in activity of both vagal (parasympathetic) and sympathetic activity, without significant change in their relative contribution to cardiac autonomic control. Therefore, in the present study, we were unable to demonstrate autonomic responses specific for the Vojta Therapy.
